Turbulent Inlet boundary conditions for large eddy simulation:an urban wind energy test-case by Vita, Giulio et al.
 
 
Turbulent Inlet boundary conditions for large eddy
simulation
Vita, Giulio; Hemida, Hassan; Chaudhari, Ashvinkumar; Baniotopoulos, Charalampos
License:
None: All rights reserved
Document Version
Peer reviewed version
Citation for published version (Harvard):
Vita, G, Hemida, H, Chaudhari, A & Baniotopoulos, C 2018, Turbulent Inlet boundary conditions for large eddy
simulation: an urban wind energy test-case. in C Baniotopoulos , C Borri , E Marino , B Blocken , H Hemida , M
Veljkovic , T Morbiato , R Borg & N Hamza (eds), Proceedings of WINERCOST'18 - Wind Energy Harvesting
focusing on exploitation of the Mediterranean Sea., TS4.1.4,  WINERCOST, Catanzaro, IT, pp. 253-260,
WINERCOST’18 2nd International Conference on Wind Energy Harvesting, Catanzaro, Catanzaro, Italy,
21/03/18.
Link to publication on Research at Birmingham portal
Publisher Rights Statement:
Checked for eligibility: 28/03/2019
General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.
•	Users may freely distribute the URL that is used to identify this publication.
•	Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•	User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•	Users may not further distribute the material nor use it for the purposes of commercial gain.
Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.
When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.
If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.
Download date: 29. Apr. 2019
  
Paper XXX
 
 
1            
 
TURB
Giu
1Dept
2Centr
AB
This pap
Eddy Sim
wind tun
represen
configura
urban an
Energy C
of harve
successfu
for urba
eventuall
technolog
 
NO
CF
FST 
LE
SG
W
W
 
1. INT
Urban W
panoram
energy c
niche of
numerou
applicati
perceptio
Unfortun
the aero
have she
positioni
classifica
XXXX 
                   
ULENT
SIMUL
lio Vita1*, H
. of Civil En
e of Compu
STRACT 
er reports on
ulations (L
nel results 
t a breakth
tion, such a
d buildings 
onverters (W
sting wind e
l numerical 
n wind turb
y assess a po
y. 
MENCLA
D 
= 
S 
S 
EC 
T 
RODUCT
ind Energy
a [1]. Besid
onsumption
 wind energ
s companie
ons, as they
n and socia
ately, many
dynamics of
d light on 
ng strategie
tion of UW
                    
 INLET B
ATION:
assan Hem
gineering, S
tational Eng
*Corres
 an investiga
ES). Compu
and provide
rough in th
s in the urb
flows is the 
EC) in suc
nergy in bui
technique wo
ines, help us
sitioning str
TURE 
= Comp
Free Stream
= Large
= Sub-G
= Wind 
= Wind 
ION 
 (UWE) is 
es the debat
/production 
y [2]. In fac
s, investors
 are visible 
l acceptance
 issues are r
 wind turbin
how a WT
s for urba
E application
 
             WIN
OUNDA
 A URBA
ida1, Ashvin
chool of Eng
ineering and
Tech
ponding auth
tion on num
tational Flui
 a thorough
e correct m
an environm
main reason
h conditions.
lt areas, as 
uld therefor
 model the e
ategy which 
utational Flu
 Turbulence
 Eddy Simul
rid Scale mo
Energy Con
Turbine 
currently ta
able contrib
site, there ar
t, Small Wi
 and work
to the inhab
 of wind ene
esponsible fo
es (WTs) lo
 responds t
n WTs are
s is itself qu
TH
 
 
ERCOST ‘
RY CON
N WIND
kumar Chau
ineering, U
 Integrated D
nology, Fin
or: Giulio Vit
erical techni
d Dynamics 
 understand
odelling of 
ent. In fact
 of the lack 
 Nevertheles
it slashes in
e improve ou
ffect of turb
could in turn
id Dynamic
 
ation 
del 
verter 
king an eve
ution to the 
e other reas
nd Market i
places (Fig
itants of the
rgy [3]. 
r the small 
cated in bu
o turbulent 
 largely b
estionable [
E INTERN
WIND 
18 
DITION
 ENERG
dhari2 and C
niversity of 
esign (CEID
land 
a, g.vita@bha
ques to inclu
(CFD) is pro
ing of the fl
turbulence a
, the poor u
of a convinc
s, Wind Ene
frastructural
r understan
ulence on th
 improve the
s 
r-increasing
energy dem
ons to furth
s showing a
ure 1). Mo
 urban envi
or big failur
ilt areas is c
inflow stru
ased on no
6]. 
ATIONAL C
ENERGY H
C
S FOR L
Y TEST
haralampos 
Birmingham
), Lappeenr
m.ac.uk 
de turbulenc
mising as a 
ow field. LE
s found in 
nderstandin
ing positioni
rgy is consid
 wind energ
ding of the in
e aerodynam
 current poo
 role in the
and or the m
er investiga
n exponenti
reover, the 
ronment aff
e of applicat
hallenging 
ctures [5]. 
n-technical 
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
ARGE E
-CASE 
Baniotopou
, United Kin
anta Univer
e at the inlet
technique to
S in partic
complex ge
g of local fe
ng strategy 
ered a prom
y costs. Dev
flow to be co
ic perform
r performan
 broad win
atching bet
te UWE as 
al growth, i
unsuccessf
ect the who
ions [4]. In p
and only few
For this rea
considerati
CE ON 
G 2018 
ch 2018 
o, Italy  
DDY 
los1 
gdom 
sity of 
 of Large 
 support 
ular may 
ometrical 
atures of 
for Wind 
ising way 
eloping a 
nsidered 
ance and 
ce of this 
d energy 
ween the 
a worthy 
nvolving 
ul UWE 
le public 
articular, 
 studies 
son, the 
ons: the 
  
Paper XXX
 
 
2            
 
In this w
include t
existing 
simulatio
Figure 1.
2. ME
2.1. 
The expe
of wind 
Tunnel L
WINERC
open tun
the wind
3.6cm to
scale, w
model m
Results 
different
this tech
detect se
velocity 
been obt
D=133.3
The mea
the flow
about 0.
building
wind ve
(Pos.2). 
is in agr
occurs a
maximum
at the m
different
direction
The inle
measure
443,2
201
Po
w
er
 [k
W
]
XXXX 
                   
ork, a comp
urbulent inl
techniques 
n and synth
 Cumulative
THODOL
Experimen
riment by H
tunnel expe
ab of the R
OST. The 
nel configur
 tunnel inle
 1.6cm) wor
ith a height-
ounted on th
include the 
 locations o
nique does 
paration. A 
components
ained using 
mm and the
surements o
 is reversed,
1 for both u
 affects turb
locity has th
This is just a
eement with
t a lower h
 velocity a
iddle of the
 direction yi
. 
t profile of 
ment for Pos
60 
583,899 
677
0 2011 2
                    
utational m
et boundary 
will be giv
etic turbulen
 Installed Po
OGY 
tal validati
emida et al
riments has
uhr-Univers
RUB wind t
ation with f
t with a cast
king as rou
to-width rat
e rotating te
velocity pat
f the roof, s
not account
specific focu
 in the y and
a length wi
 reference ve
f the velocit
 because of 
 and w, ma
ulence inten
e maximum
bove the sh
 previous ex
eight, mea
rea, the flow
 building, a
eld separatio
mean veloc
. 1 and 2. T
,809 748,528
8
012 2013
 
             WIN
ethodology b
conditions t
en, with re
ce methods.
wer Capacity
on dataset
. [7] provide
been carrie
ity of Bochu
unnel has a 
an behind th
ellated barri
ghness elem
io of H D⁄ =
st table of th
tern above 
chematised i
 for reverse
s has been g
 z directions
ndow of 13
locity uref=u
y around the
a separation
tching the o
sity up to a 
 increase o
ear layer bet
periments [8
ning that th
 is highly tu
lso for diffe
n cone vorti
ity and turb
hese values 
 30,332 
948,8
2014 2015
TH
 
 
ERCOST ‘
ased on Lar
o WTs and/
ference to 
 
 for Small W
s the validat
d out at the
m (RUB), w
cross sectio
e test sectio
er, turbulenc
ents (Fig.2c
3, where H
e wind tunn
the rooftop,
n Fig.2d) an
d flow, so 
iven to turb
, u and w, fo
1s, and all r
ሺzൌHሻ=15
 models hav
 bubble. Ab
ne present 
height of ab
f about 25%
ween the se
]. At the up
e it is max
rbulent. Th
rent directio
ces, which h
ulence inten
provide a ve
73 
 -
 2
00
,0
00
 4
00
,0
00
W
Ts
 in
st
al
le
d 
[u
ni
ts
]
E INTERN
WIND 
18 
ge Eddy Sim
or aerofoils 
the two fa
ECs: 2016 S
ion dataset f
 Atmospher
ithin the sco
n of 1.6m × 
n (Fig.2a). 
e generator
). The high-
=400mm and
el.  
 measured u
d surface pr
results have
ulence inten
r z/D>0.1. T
esults are re
.85m/s (Fig.2
e showed (a
ove z/D~0.3
in the upstre
out one third
 at about z/
paration regi
stream edge
imised dow
e turbulence
ns of the w
ave a smalle
sity are sho
ry useful va
,
,
China
ATIONAL C
ENERGY H
C
ulation is d
simulations.
milies of te
tatistics ©W
or the nume
ic Boundary
pe of the C
1.8m and a 
The ABL is 
fins, and ro
rise buildin
 D=133.3m
sing a hot 
essure on th
 been interp
sity; it has b
ime historie
ferred to the
c). 
s expected)
, turbulence
am flow. T
 of its widt
D~0.3, at th
on and the u
 (Pos. 4’), th
nstream to 
 intensity ha
ind. It has 
r size and h
wn in Fig.2
lidation data
USA
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
eveloped in
 A brief ove
chniques: p
WEA [1]. 
rical model.
 Layer (AB
OST-Action
length of 9.4
simulated e
ughness cub
g model has
m. Fig.2b s
wire anemo
e rooftop. H
reted accord
een measur
s of each sig
 width of th
 that near th
 intensity de
his suggests
h. Fig. 4c sh
e centre of
pstream flo
e maximum
Pos.1. Ben
s its minimu
also been fo
eight than th
c. Fig.2d sh
set, as the f
UK
2015
CE ON 
G 2018 
ch 2018 
o, Italy  
 order to 
rview of 
recursor 
 
 A series 
L) Wind 
 TU1304 
m, in an 
quipping 
es (from 
 a 1:300 
hows the 
meter at 
owever, 
ingly to 
ed re. the 
nal have 
e model 
e surface 
clines to 
 that the 
ows that 
the roof 
w, which 
 velocity 
eath the 
m value 
und that 
e normal 
ows the 
low field 
Rest
2014
  
Paper XXX
 
 
3            
 
is norma
which is
 
 
Figure 2
on a turni
2.2. 
Large E
Reynold
scales up
model. L
a filter, w
grid scal
characte
A turbul
tunnel, w
approach
is neede
converge
introduc
Two gen
simulatio
than alte
database
a) 
c) 
XXXX 
                   
lly disregard
 more comm
. a) Wind Tun
ng table; c) W
Numerical 
ddy Simulat
s-Averaging
 to dissipati
ES solves m
hich in the
e SGS mod
ristics rather
ent inlet can
hich is res
 accounts as
d for compu
nce of the 
e noise in th
eral metho
n and 2) sy
rnative [11]
 of fluctuati
                    
ed in studie
only conside
nel of the Ru
ind-tunnel v
simulations
ion (LES) i
 of Navier 
on, while the
ost of the tu
 large major
el is defined
 independen
 be generat
ponsible of 
 a sort of vi
tational acc
simulation a
e equations 
dologies ex
nthetic turbu
. The precu
ng condition
 
             WIN
s about build
red. 
hr-University
elocity profile
a
 
s a compro
Stokes equa
 latter mode
rbulent scal
ity of model
 on the conc
t on the geom
ed in two w
the develop
rtual wind tu
uracy, as wi
s well as th
by using ap
ist to gener
lence metho
rsor simulat
s to be used
TH
 
 
ERCOST ‘
ing aerodyn
 
 Bochum; b) 
 ahead of the
t pos. 1 and 2
mise betwe
tions (RAN
ls most of th
es, modellin
s is defined 
ept that at s
etry consid
ays. A way
ment of the
nnel to be m
th such larg
eir cost is 
propriate tim
ate fluctuat
ds [10]. The
ion method
 as inlet for
d) 
E INTERN
WIND 
18 
amics in fav
photo of the w
 model; d) Ve
. 
en Direct N
S). The firs
e turbulent 
g a portion o
based on the
mall scales 
ered [9]. 
 is to mode
 ABL in th
odelled. Ho
e domains a
at stack. A 
e-varying b
ing inlet co
se two appr
s rely on a 
 the LES mo
ATIONAL C
ENERGY H
C
our of the s
ind tunnel w
locity vectors
umerical Sim
t method co
scales using 
f them base
 size of the 
turbulence h
l the upstre
e experime
wever, a gre
nd strict me
very promis
oundary co
nditions for
oaches are c
previous sim
del of inter
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
urface press
ith the model 
, Iu and Iw as 
ulation (D
mputes all 
a suitable tu
d on the def
mesh cells. 
as roughly 
am part of 
nt (method 
at amount o
sh requirem
ing alternat
nditions (me
 LES: 1) p
omplementa
ulation tha
est, thus rep
b) 
CE ON 
G 2018 
ch 2018 
o, Italy  
ure field, 
mounted 
measured 
NS) and 
turbulent 
rbulence 
inition of 
The sub-
universal 
the wind 
A). This 
f caution 
ents, the 
ive is to 
thod B). 
recursor 
ry rather 
t gives a 
roducing 
  
Paper XXX
 
 
4            
 
inlet wi
converge
A steady
the k-ω 
requirem
A prelim
to discu
approach
modellin
A block
order to 
This ha
Smagori
Driest da
Figure 3.
pattern i
3. RES
These tw
suitable 
building
condition
eventual
compare
developm
              
1 A dampi
the model
Smagorins
The eddy 
Cs=0.17. 
XXXX 
                   
th the expe
nce and acc
 state RAN
SST turbul
ents are me
inary comp
ss the impo
 has shown
g of fluctuat
 structured 
limit the alo
s brought t
nsky-Lilly m
mping func
 Fluctuating
n terms of ve
ULTS AN
o methodol
location for
 as describe
s on the de
ly a WEC c
 the perform
ent of the f
                   
ng function, su
 constant Csgs
ky model uses
viscosity reads
a) 
c) 
                    
cted statisti
uracy withou
S (Reynolds
ence model
t. The objec
arison with t
rtance of m
 good viabi
ing statistics
mesh has be
ng-flow size
o the choic
odel has be
tion1, as imp
 and steady i
locity-invari
D DISCUS
ogies have b
 the positio
d in Sectio
velopment 
ould be plac
ance of tur
low and its 
                   
ch as the one 
 or Cs  in those
 a fixed constan
 νsgs=൫Csgs∆
 
             WIN
cs of turbu
t having a p
 Averaged N
, to get a 
tive is to hav
he LES (Lar
odelling the
lity for the 
 [13, 14] 
en construc
 of the elem
e of a tim
en chosen a
lemented in 
nlet for LES
ant Q=0.1. 
SION 
een used to 
ning of WT
n 2.1. The 
of statistics 
ed. For this
bulent inlet
characteristic
formulated by 
 regions of th
t to take into a
൯2หS෨ห=൫Csgs∆
TH
 
 
ERCOST ‘
lence. Synt
hysical mea
avier-Stoke
brief idea o
e a rough e
ge Eddy Sim
 fluctuating
estimation 
ted, having
ents to resp
e step of ∆
s Sub-Grid 
the OpenFO
 simulation. 
model the ef
s within th
aim is to 
at the locat
 preliminary
 generation 
s. In this pa
Van Driest lsgs
e flow where
ccount the SG
൯2ට2Sij෪Sij෪
E INTERN
WIND 
18 
hetic metho
ning for the 
s) simulatio
f the flow 
stimation of
ulation) ap
 statistics. 
of the avera
 y+~1 and ch
ect the CFL
t=5e-5  for 
Scale mode
AM® softwa
a) and b) com
fect of turbu
e built env
understand 
ion of intere
 study, two
against an 
per, the met
=Csgs∆ ቀ1-e-y+
 viscosity effe
S effects, poten
where the Sma
b) 
d) 
ATIONAL C
ENERGY H
C
ds on the 
inlet itself [1
n has also b
pattern and
 the turbulen
proach is the
In fact, even
ged fields, i
oosing the 
 condition w
the LES m
l (SGS), wit
re v.2.3.1. 
putational d
lence on WE
ironment, s
the effect o
st which is 
 models hav
LES model 
hodology (A
A+⁄ ቁ, where A+
cts become p
tially yielding
gorinsky mode
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
other hand 
2]. 
een develop
 check if t
t quantities
n proposed
 though th
t is hindere
blocking st
hich impos
odel presen
h the use o
omain, c) an
Cs that is f
uch as the 
f the turbul
the rood to
e been deve
which cons
) is compar
=26, lowers th
reponderant. I
 an unphysical
l constant has 
CE ON 
G 2018 
ch 2018 
o, Italy  
improve 
ed using 
he mesh 
 at stake. 
, in order 
e RANS 
d by the 
rategy in 
es Co<1. 
ted. The 
f the van 
 
d d) flow 
ound at a 
high-rise 
ent inlet 
p, where 
loped to 
iders the 
ed with a 
e value of 
n fact, the 
behaviour. 
been set to 
  
Paper XXX
 
 
5            
 
steady s
computa
and fluct
flow fie
roughnes
body. H
separatio
assessed
distance 
Arguably
represen
performa
A better
fluctuati
Figure 4
bulding t
The LE
turbulen
modellin
the flow
techniqu
simulatio
matches 
also con
The spec
to the di
interacts
XXXX 
                   
tate case, w
tional doma
uating. From
ld looks les
s elements 
owever, the 
n corners o
 by consider
in both case
, for wind 
t a major sim
nce, when p
 estimation 
ng case are c
. Respectivel
estcase with 
S simulation
ce intensity 
g the mean 
. However, a
es. In Fig. 5
ns. Due to 
peaks of the
firmed by th
tra overlap 
fference in th
 with the sol
                    
here a lam
ins are show
 a qualitati
s organised
contribute to
shedding of
f the build
ing the iso-v
s. 
energy purp
plification 
laced close 
of the accur
ompared wi
y Average V
comparison 
 with fluct
and integral
flow. It is ra
 closer look
 the experi
the prelimin
 fluctuating 
e spectra, wh
quite well a
e length of 
ved vortex s
 
             WIN
inar inlet bo
n in Fig. 3a
ve assessme
 in the flu
 the break o
 the vortice
ing, can be
orticity map
oses, the two
of a possible
to a bluff bo
acy of the t
th the RANS
elocity, Turb
of inlet geom
uating inlet
 length scal
ther evident
 to the meas
mental data 
ary nature o
one, while t
ich are plot
t lower frequ
the signal an
tructures. 
TH
 
 
ERCOST ‘
undary lay
 and b respe
nt of results
ctuating cas
f vortices, r
s, i.e. the fr
 considered
, where the
 cases prov
 methodolo
dy. 
wo simulati
 simulation
ulence inten
etry and no i
 is the clo
e. Not surpr
 how the ste
ured signals
is plotted to
f the simula
he steady on
ted in Fig. 6
encies, whi
d in the natu
E INTERN
WIND 
18 
er profile is
ctively. The
 presented in
e, as many
ather than th
equency at w
 basically u
 vortex core
ide a simila
gy of introdu
on is given 
for the most
sity and int
nlet for both
sest to the 
isingly, the 
ady inlet cas
 clarifies the
gether with
tions it is ev
e is rather d
 for position
le the diverg
re of the ch
ATIONAL C
ENERGY H
C
 imposed a
 flow field i
 Fig. 3, it c
 flow struct
e separated 
hich vortic
nchanged. T
s are roughl
r flow patter
cing turbule
in Fig. 4, w
 common tu
egral length 
 RANS and L
experimenta
RANS mod
e does not c
 mismatch b
 the steady 
ident how t
amped and 
s 2 and 3 at t
e at the high
osen sub-gri
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
t the inlet. 
s indicated 
an be argued
ures from 
flow due to 
es are shed 
his can be
y placed at 
n, which in
nce effects 
here the st
rbulence sta
scale of the 
ES. 
l data in m
el performs 
apture the p
etween the 
and fluctua
he fluctuati
much shorte
wo differen
est. This is
d scale mod
CE ON 
G 2018 
ch 2018 
o, Italy  
The two 
as steady 
 that the 
upstream 
the bluff 
from the 
 quickly 
the same 
 turn can 
on WEC 
eady and 
tistics. 
 
high-rise 
odelling 
better in 
hysics of 
different 
ting inlet 
ng signal 
r. This is 
t heights. 
 also due 
el, which 
  
Paper XXX
 
 
6            
 
LES sim
viable d
fluctuati
Figure 5 
Figure 6 
A metho
reliabilit
urban en
XXXX 
                   
ulation, alth
ue to the pr
ng technique
– Time histo
– Energy spe
dology bas
y of results 
vironment a
                    
ough potent
acticality o
s might be t
ries of veloci
ctra at differ
ed on turbu
and provide 
nd further en
 
             WIN
ially powerf
f the LES a
he forthcom
ty signal for 
ent positions
lent inlet g
a powerful t
gineering ap
TH
 
 
ERCOST ‘
ul in produc
pproach. Th
ing solution 
experiment, 
 and heights
eneration is
ool for the o
plications w
E INTERN
WIND 
18 
ing highly a
at is why t
to the practi
steady and fl
. 
 expected to
ptimization
hich require
ATIONAL C
ENERGY H
C
ccurate data
he usage of
cal LES usag
uctuating inl
 greatly im
of wind ene
 a thorough
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
, has still to
 boundary c
e. 
et. 
prove accu
rgy harvesti
 understandi
CE ON 
G 2018 
ch 2018 
o, Italy  
 become 
ondition 
 
 
racy and 
ng in the 
ng of the 
  
Paper XXX
 
 
7            
 
inflow. H
been org
(CEID) 
Chaudha
to introd
duration
the mode
a variety
The gene
and an in
boundary
virtually
periodic 
and mes
synthetic
techniqu
In Figur
shown. 
responsib
correspo
Energy s
evident h
validity 
as for th
prelimin
statistics
resolutio
 
Figure 7 
XXXX 
                   
owever, the
anised in co
of the Lapp
ri. The STS
uce numeri
 of the STSM
lled LES hi
 of turbulen
ration of vir
let region r
 and the inl
 [15] with a
boundary co
h resolution.
 turbulence.
es developed
e 1, the flow
The numer
le for the 
nds to the in
pectrum of 
ow the iner
of the bound
e smallest s
ary account 
 requires a 
n of the mes
– a) Turbule
                    
 physical si
llaboration w
eenranta Un
M has the p
cal noise wi
 several Op
gh-rise build
t inlet condi
tual grid tur
espectively.
et. It is foun
 good degr
nditions at 
 The same c
 The turbule
 respectivel
 field as co
ical noise 
higher max
let velocity
the longitud
tial range re
ary conditio
cales the su
of results, o
great deal o
h and the du
nce box gene
 
             WIN
gnificance o
ith the Cen
iversity of T
urpose of in
th statistics
enFOAM tu
ing to under
tions. A refe
bulence has 
In this way
d in literatur
ee of approx
the boundari
omputationa
ntInlet rand
y at the ETH
mputed usin
introduced 
imum veloc
, calculated 
inal compon
gion of the 
n. At the hig
b grid scale 
ne can conc
f attention, a
ration of the
rated with v
of instan
TH
 
 
ERCOST ‘
f results has
tre of Comp
echnology 
vestigating 
having phy
torials have
stand the lim
rence box c
been implem
 turbulence 
e that this te
imation. H
es of the bo
l domain an
om fluctuati
 [16] and fo
g the inlet 
using rando
ity of Fig. 
considered t
ent of the v
spectrum d
h end of the
model is re
lude that th
s results str
 simulation.
irtual grid an
taneous velo
E INTERN
WIND 
18 
 to be ascert
utational En
(LUT) with 
the possibili
sical meanin
 been develo
itation of th
ase, compris
ented splitt
is produced 
chnique repr
owever, it i
x, which in 
d mesh is th
ons generato
und in the g
virtual grid 
m fluctuati
7a, while in
he porosity 
elocity field
oes not deve
 spectrum, th
sponsible fo
e generation
ongly vary 
 
d b) random
city field. 
ATIONAL C
ENERGY H
C
ained. That 
gineering a
the support 
ties impleme
g at the inl
ped. Results
e simplified
ing of a grid
ing the inlet 
at the interf
oduces grid 
s extremely 
turn needs to
en used to in
r is used in 
ithub reposit
and the rand
on with a 
 Fig 7b the
of the virtua
is plotted fo
lop, hence r
e behaviour
r the resultin
 of virtual tu
with the siz
 fluctuation 
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
is why an S
nd Integrate
of Dr. Ashv
nted in Ope
et of LES. 
 will be com
 approach o
 inlet, is co
boundary in
ace between
generated tu
important t
 have a spe
clude turbu
comparison 
ory [17]. 
om turbule
given amp
 maximum
l grid. In F
r the two ca
aising doub
 follows the
g flow fiel
rbulence w
e of the dom
generator, w
CE ON 
G 2018 
ch 2018 
o, Italy  
TSM has 
d Design 
inkumar 
nFOAM 
Over the 
pared to 
ffered by 
nsidered. 
to a wall 
 the wall 
rbulence 
o choose 
cific size 
lent inlet 
with two 
ntInlet is 
litude is 
 velocity 
ig. 8, the 
ses. It is 
ts on the 
 -5/3 law, 
d. In this 
ith given 
ain, the 
 
ith detail 
  
Paper XXX
 
 
8            
 
Figure 8
Results g
the LES 
to genera
In is que
would he
It will be
 
AC
The auth
“Horizon
“AEOLU
agreeme
WINERC
activities
 
 
 
RE
[1] Gsä
www
[2] Ene
guid
53, 
[3] Ham
WIN
201
[4] Bald
the 
http
XXXX 
                   
 – Energy Sp
ained using
simulation o
te a fluctuat
stionable w
lp the conve
 the topic of
KNOWLE
ors acknow
 2020”, th
S4FUTURE
nt no. 64316
OST TU13
 related to s
FERENCE
nger, S., &
.wwindea.o
voldsen, P., &
elines for on
178–184. http
za, Neveen.
ERCOST W
5. 
uzzi, F., Bian
installation 
s://doi.org/10
                    
ectrum for d
 the turbulen
f the wind tu
ing turbulen
hether the in
rgence and 
 further rese
DGEMEN
ledge with t
rough the 
 - Efficien
7), to the pr
04 COST 
mall wind te
S 
 Pitteloud, 
rg 
 Sovacool, 
shore wind p
s://doi.org/1
 (2015). UR
orkshop ‘Tr
chini, A., & 
site on 
.1016/j.renene
 
             WIN
ifferent turb
t inlet techn
nnel setup. 
ce field havi
clusion of 
robustness o
arch from th
TS 
hanks the su
Marie Skł
t harvesting
esent resear
Action for 
chnology. 
J.-D. (201
B. K. (2016)
roject develop
0.1016/j.rse
BAN WIND
ends and Cha
Ferrari, L. (20
the potenti
.2012.02.022
TH
 
 
ERCOST ‘
ulent inlet ge
iques will b
The aim is t
ng certain tu
random fluc
f the LES si
e authors to
pport of the
odowska-Cu
 of the win
ch project. T
having prov
5). Small W
. Examining 
ment in Fran
r.2015.08.0
 ENERGY E
llenges for W
12). Microeo
al energy 
 
E INTERN
WIND 
18 
neration tec
e compared 
o provide a s
rbulence ch
tuations at t
mulation tow
find out. 
 European C
rie Innova
d energy” (
he authors a
ided them w
ind World
the social ac
ce. Renewab
41 
XPOSING 
ind Energy H
lic turbines in
yield. Ren
ATIONAL C
ENERGY H
C
hniques with
with actual 
uitable simp
aracteristics 
he inlet of t
ards the exp
ommission 
tive Trainin
H2020-MSC
lso acknowl
ith a pleth
 Report 20
ceptance of 
le and Sustain
SUSTAINAB
arvesting’, 
 the built env
ewable En
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
 -5/3 law com
physical res
le and fast t
as in the exp
he steady si
erimental re
Framework 
g Network
A-ITN-201
edge with th
ora of colla
15. Retriev
wind energy:
able Energy
ILITY SYM
Coimbra, 30-
ironment: In
ergy, 45, 
CE ON 
G 2018 
ch 2018 
o, Italy  
 
parison. 
ults from 
echnique 
eriment. 
mulation 
sults. 
Program 
s (ITN) 
4: Grant 
anks the 
boration 
ed from 
 Practical 
 Reviews, 
BOLISM 
31 March 
fluence of 
163–174. 
  
Paper XXX
 
 
9            
 
[5] Dev
high
http
[6] Wal
meth
http
[7] Hem
high
Coim
[8] H. H
in 1
[9] Pop
http
[10] Tab
Com
[11] Lun
Dev
[12] Cha
appl
[13] B. B
Rev
Env
[14] Ozm
gabl
http
[15] T. B
simu
[16] M. C
[17] E. A
curv
 
XXXX 
                   
inant, P., Lav
 turbulence
s://doi.org/1
ker, S. L. (20
ods of e
s://doi.org/1
ida, H., Šark
-rise buildin
bra, Portuga
emida, “Larg
1th UK Confe
e, S. B
s://doi.org/1
or, G. R., &
puters & Flu
d, T. S., Wu
eloping Boun
udhari, A. (2
ications. Lapp
locken, T. St
iew of wind-
iron., vol. 100
en, Y., Bayd
ed roofs 
s://doi.org/1
lackmore, W
lations,” Int.
. Immer, “Ti
sgari and M
ed backward-
                    
erne, T., & H
. Journal o
0.1016/S016
11). Building
stimating u
0.1016/j.enb
ic, A., Gillme
g, WINERCO
l, 30-31Marc
e-eddy simul
rence on Win
. (2000). 
0.1088/1468
 Baba-Ahma
ids, 39(4), 55
, X., & Squ
dary Layer S
014). Large-
eenranta Uni
athopoulos, a
tunnel and C
, pp. 50–81, 2
ar, E., & van 
having dif
0.1016/j.bui
. M. J. Ba
 J. Comut. Flu
me-resolved m
. Tadjfar, “A
facing step,” 
 
             WIN
ureau, J. (200
f Wind Eng
7-6105(02)
mounted win
rban wind 
uild.2011.0
ier, S., Höffer
ST Worksh
h 2015, p.25-
ation of the a
d Engineerin
Turbulent 
-5248/1/1/7
di, M. H. (2
3–567. https:/
ires, K. D. 
imulations. JO
eddy simula
versity of Tec
nd J. P. A. J. v
FD techniqu
016. 
Beeck, J. P. A
ferent pitch
ldenv.2015.
tten, and A
id Dyn., vol. 
easurement 
ssessment of
J. Turbul., vo
TH
 
 
ERCOST ‘
2). Experime
ineering an
00162-9 
d turbines and
resource. 
3.032 
, R., Experim
op "Trends 
34. 
bove roof flo
g, 2014. 
Flows. 
02 
010). Inlet c
/doi.org/10.1
(1998). Gene
URNAL OF 
tion of wind
hnology. 
an Beeck, “P
es and their
. J. (2016). W
 angles. 
09.014 
. S. Bahaj, 
27, no. 6–7, p
and simulatio
 four inflow 
l. 18, no. 1, p
E INTERN
WIND 
18 
ntal study of 
d Industrial
 their suitabi
Energy and
ental investig
and Challeng
w of a high-ri
Cambridge 
onditions for
016/j.compflu
ration of Tu
COMPUTATI
 flows over 
edestrian-lev
accuracy for
ind flow ov
Building 
“Inlet grid-g
p. 307–315, 
n of local sca
conditions on
p. 61–86, Jan
ATIONAL C
ENERGY H
C
wind-turbine 
Aerodynam
lity for the urb
 Buildings, 
ation of wind
es for Wind
se building fo
University 
 large eddy 
id.2009.10.00
rbulent Inflo
ONAL PHYS
complex terr
el wind condi
 wind comfo
er the low-ris
and Enviro
enerated turb
Jul. 2013. 
le turbulent u
 large-eddy 
. 2017. 
ONFEREN
ARVESTIN
 21-23 Mar
atanzaro Lid
airfoil aerody
ics, 90(6), 
an scale—A
43(8), 18
 flow above t
 Energy Ha
r micro-wind
Press (V
simulation: A
7 
w Data for 
ICS, 140, 233
ains for win
tions around 
rt assessmen
e building mo
nment, 95,
ulence for l
rban flow,” 2
simulation o
CE ON 
G 2018 
ch 2018 
o, Italy  
namics in 
689–707. 
 review of 
52–1862. 
he roof of 
rvesting", 
 turbines,” 
ol. 1). 
 review. 
Spatially-
–258. 
d energy 
buildings: 
t,” Build. 
dels with 
 63–74. 
arge-eddy 
016. 
f a gently 
